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Abstract 
A photo-catalysis and dynamic membrane reactor system (PMR), with coated dynamic layer on polypropylene non-
woven fabric material, was studied for continuous photocatalysis and retention of catalysts in a single device, in 
removing halogenated compound 2,4,6-Tribromophenol in water.  Different dynamic layer materials such as graphite 
oxide, graphene oxide and nonoCaCO3 were applied to evaluate the efficiency in removing COD, 2,4,6-
Tribromophenol and in debromination. The pre-coated dynamic membrane can significantly enhance the filtration 
performance and improve the debromination efficiency. The PMR system with dynamic layer and Fe-ZnIn2S4 
photocatalyst completely removed 2,4,6-Tribromophenol when the retention time maintained 2.0 h in the continuous 
mode. The hybrid system achieved 58%, 74% and 85% debromination when the dynamic layer materials were 
graphite oxide, graphene oxide and nanoCaCO3, respectively. And, the COD removal efficiencies were in the order 
of nanoCaCO3 (72%)˚ graphite oxide (51%)˚graphene oxide (42%). NanoCaCO3 was found able to assist and 
improve debromination efficiency during UV irradiated photolysis. The combination of dynamic membrane and 
photocatalysis provides a new alternative for practical application of photocatalysis.  
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Photocatalysis represents a promising alternative advanced oxidation process for water and wastewater 
treatment, especially can achieve the effective degradation for low concentration of high toxic organic 
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pollutants such as chlorophenols [1] and bromophenols [2].The common suspended photocatalysts were 
employed as nanoscale particles, therefore, the major concern for the practical application of 
photocatalytic technology is the sepration of the suspended photocatalysts. Application of hybrid systems 
based on membrane processes and photocatalysis, which called “photocatalytic membrane reactor” (PMR) 
[3], is possibly an applicable approach which could not only overcome the difficulty in separating 
photocatalysts but also could integrate photocatalytic degradation of contaminants and membrane 
separation in a single device. The combination of membrane process and photocatalysis shows many 
advantages in waste water treatment, such as: realization of continuous photocatalytic reaction; 
convenient control the residence time of wastewater in the reactor to ensure the effluent quality; 
realization the continuous process of separation and recovery of photocatalyst particles in suspension.  
The high retention pressure driven membrane processes such as MF, UF and NF were commonly 
applied in retention of nanoscale photocatalysts in PMR system. However, the membrane fouling caused 
by photocatalyst particles was the main limiting factor that hindered the implementation of membrane 
technologies during separation of fine particles in suspension. The fouling mechanism of hollow fiber 
membranes used in separating nanosized photocatalysts was associated with pore blocking and cake layer 
formation, also, hydrodynamic backflush was unable to completely eliminate the filtration resistance due 
to the adhesion of nanosized catalysts [4]. Moreover, when polymer membranes were used, there was a 
danger of destruction of the membrane structure by UV light or hydroxyl radicals [5]. Several studies [6, 
7] reported that the combination of membrane separation and photocatalysis were applied to separate 
photocatalyst nanoparticles in two independent operation processes. 
Dynamic membrane [8], which is called secondary membrane, is formed on underlying support 
material by filtering suspended solid particles. The rejection properties of the dynamic membrane mainly 
depend on the deposited layer, since solids rejection is accomplished by the self-forming and/or pre-
coated secondary membrane layer. The dynamic membrane can separate fine particles even though the 
support membrane has large pore size. Therefore, different kinds of low-cost materials such as non-
woven fabric and woven filter-cloth can be used as supporting membrane instead of expensive 
microfiltration (MF) or ultrofiltration (UF) membranes. The pre-coated dynamic membranes are generally 
formed by one external material in a single step. The commonly used dynamic layer forming materials are 
inorganic matters, especially metal oxide such as TiO2 [9], Kaolin/MnO2 bi-layer [10]. Powdered 
activated carbon (PAC) [11] has also been tested as dynamic membrane forming materials. 
The purpose of this study was to investigate the photocatalytic debromination of 2,4,6-Tribromophenol 
(2,4,6-TBP) in a hybrid photocatalysis and dynamic membrane system, with a pre-coated dynamic layer 
on non-woven fabric supporting membrane. The self-prepared zerovalent iron doped ZnIn2S4 was proved 
to be very efficient in debromination of 2,4,6-TBP in our previous research [12] and used as 
photocatalytic dehalogenation catalyst. The comparative tests of three different dynamic layer forming 
materials graphite oxide, graphene oxide and nanoCaCO3 were conducted. Rotating the helical membrane 
module can serve as a stirrer to make sure the photocatalysts suspension and to make sure the uniform 
illumination of photocatalysts.  
2. Experimental section 
2.1. Materials 
The initial concentration of 2,4,6-TBP was 0.12mmol·l-1 and the initial pH was 6.89. Nanoscale CaCO3 
(Xintai Nanometer Material Co., Ltd), with a cluster size of –30 μm and individual particle size 50-100 
nm, was used as the dynamic layer forming material. The graphite oxide and graphene oxide were 
prepared in the laboratory according to amendatory Hummers’ method [13].The concentrations were  
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2.22 g·l-1. Polypropylene non-woven fabric without modification, with a pore size of 3–5μm and 5g·m-2, 
was employed as underlying support membrane.  
2.2. Preparation of graphite oxide, graphene oxide, nanoCaCO3 dynamic membrane 
The helical membrane with 180° helical angles, prepared as our previous research [14], was used as 
the supporting membrane. Two pieces of the non-woven fabric sheets (20 mm × 230 mm × 2, total area 
0.0092 m2) were supported on an aluminum spacer to maintain the helical angles. The aluminum spacer 
had mesh structure of wires (0.5 mm diameter). The cover membrane was sealed with a tubing outlet at 
one end of the membrane to conduct the permeate water out. The non-woven fabric helical membranes 
were severally immersed in 0.5 g·l-1 and 1.0 g·l-1 graphite oxide solution, 0.5 g·l-1 graphene oxide solution 
and 5.0 g·l-1 CaCO3 solution. The CaCO3 coating layer was formed with a CaCO3 load of 0.014g·cm-2 on 
the helical membrane surface by suction (-9.1 kPa). The loads of graphite oxide (0.483 mg·cm-2 and 1.207 
mg·cm-2) and graphene oxide (0.603 mg·l-1) were also obtained by suction (-9.1 kPa). Then the coating 
layer was further aged and stabilized for one hour under the pressure. No particles were released when the 
helical dynamic membrane was rotated at a rotating speed of 75rpm, thus the formed precoating dynamic 
layer was maintained stably during the photocatalysis and rotating helical membrane system. Then the 
dynamic membranes were used in the photocatalysis /membrane system (PMR) for continuous and 
efficient photocatalytic degradation of 2,4,6-TBP. 
2.3. Photocatalytic activity measurements 
In the continuous PMR system (Fig. 1), the precoating dynamic layer helical membrane was 
submerged in the 2,4,6-TBP solution. Fe-doped ZnIn2S4 was applied as debromination photocatalysts and 
the photocatalyst dosage was 1.0 g·l-1. The continuously rotating helical dynamic membrane, serving as 
the stirrer to maintain photocatalysts suspension, was operated under constant flux of 7.6 l·m-2·h-1. The 
helical membrane module rotated counterclockwise. The residence time of 2,4,6-TBP solution in the 
reactor maintained at 2h.The influent and effluent were controlled through a dual channel peristaltic pump 
(Baoding Longer Precision Pump Co., Ltd) to maintain the liquid suspension level at about 140ml. The 
permeate samples were collected to determine the concentration of 2,4,6-TBP, CODMn and released Br-. 
The photocatalytic reactor, the UV light source and Fe-doped ZnIn2S4 photocatalyst used and the 
detection methods of 2,4,6-TBP, released Br- and CODMn were the same as our previous research [12].  
3. Results and discussions 
3.1. The effect of graphite oxide load on debromination 
2,4,6-TBP can be easily resulted in formation of quinones intermediates in the presence of UV 
irradiation, therefore, there was no 2,4,6-TBP detected in the effluent when the retention time was 2.0h. 
The released bromide ion (Br-) concentration was used to evaluate the photocatalytic efficiency in the 
PMR system.  
Control tests with graphite oxide loads of 0.483 mg·cm-2 and 1.207 mg·cm-2 under UV irradiation and 
the direct photolysis (bare membrane) of 2,4,6-TBP were conducted. The ratios of actually formed Br- (C) 
to the formed Br- at 100% conversion (C100) were shown in Fig. 2. It can be observed that the 
debromination in the hybrid system remained relatively steady. About 30% bromide ion was released by 
the direct photolysis (bare membrane) in the continuous mode. The dynamic membrane with 0.483 
mg·cm-2 graphite oxide coating layer can realize about 40% debromination under UV irradiation, which 
512   Bo Gao et al. /  Procedia Environmental Sciences  18 ( 2013 )  509 – 514 
was a little higher comparing with the direct photolysis debromination. However, when the graphite oxide 
coating load increased from 0.483 mg·cm-2 to 1.207 mg·cm-2 the debromination efficiency decreased to 
about 18% which was even lower than direct photolysis. This reason might be that the graphite oxide will 
expand under UV irradiation and then the supernatant expansive graphite oxide will slip off from 
membrane surface. The superfluous graphite oxide can obstruct the light absorption and result in the 
reduced debromination efficiency [15]. It is indicated that the graphite oxide was not an optimal option 
for dynamic membrane forming material because of the expansion of graphite oxide. Other materials such 
as graphene oxide and CaCO3 were tested as dynamic membrane for higher debromination efficiency. 
 
            
Fig. 1. Schematic diagram of the photocatalytic reactor setup.              Fig. 2. The effect of graphite oxide precoating load on 
debromination. 
3.2. The comparison test of different dynamic membrane on debromination 
The debromination efficiency decreased when the load of graphite oxide coating layer increased from 
0.483 mg·cm-2 to 1.207 mg·cm-2, so the dynamic membrane with graphite oxide load of 0.483 mg·cm-2 
was tested. The debromination of 2,4,6-TBP by different kinds of dynamic membrane without any 
photocatalysts under UV irradiation was conducted. As shown in Fig. 3, the graphene oxide dynamic 
membrane achieved about 45% debromination under UV irradiation, which increased about 11% 
comparing with direct photolysis.  The relative higher debromination of 2,4,6-TBP (average 50%) was 
obtained when the dynamic membrane was CaCO3. This tendency also can be seen from CODMn removal 
efficiency in Fig. 4. The average COD removal rates of 2,4,6-TBP by the dynamic membrane under UV 
irradiation were in the order of CaCO3 (32%)˚Graphene oxide (28%)˚Graphite oxide (20%)˚UV 
direct photolysis (14%). CaCO3 is an abundant and stable naturally occurring mineral that receives much 
attention in many fields. Considering the economics and the debromination efficiency, CaCO3 is a good 
candidate for forming dynamic membrane layer on non-woven fabric membrane, would enhance the 
filtration and photocatalytic performance in photocatalysis-membrane hybrid system.  
3.3. The combination of photocatalysis with dynamic membrane on debromination 
When the photocatalyst Fe-ZnIn2S4 was introduced to the dynamic membrane system, the 
debromination efficiency of 2,4,6-TBP in all the dynamic membrane system. Though Fe-ZnIn2S4 played 
an important role in debromination, there were some differences among the different dynamic membrane, 
as shown in Fig. 5. The debromination efficiency fluctuated a lot during the photocatalytic process when 
the dynamic membrane layer was graphene oxide. In the initial stage, the photo-induced electron was 
trapped by graphene oxide and used for the reduction of graphene oxide. Though the recombination of 
electron/hole can be retarded by graphene oxide, a large proportion of the electron was depleted by 
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graphene and decreased the production of OH·. The consumption of electron decreased with the 
prolonged reaction time and the debromination efficiency increased.  
 
      
Fig. 3. Debromination of 2,4,6-TBP by different dynamic            Fig. 4. The CODMn removal of 2,4,6-TBP by different dynamic  
membrane.                                                                                       membrane in continuous mode.   
            
Fig. 5. Dynamic membrane coupling with photocatalyst                                Fig. 6. The CODMn removal in the photocatalysis and  
Fe-ZnIn2S4 in PMR system for debromination.                                               dynamic membrane hybrid system. 
The highest debromination (85%-90%) was obtained in the presence of photocatalyst Fe-ZnIn2S4 and 
CaCO3 dynamic membrane hybrid system, which was about 30% higher than graphite oxide dynamic 
membrane. As shown in Fig. 6, highest mineralization (72%) also occurred in the hybrid system, which 
was about 20% and 30% higher than graphite oxide and graphene oxide dynamic membrane, respectively. 
It was presumed that the enhanced debromination attributed that the regular distribution calcium 
carbonate structure could scatter and slow the incident light reduce the light deprivation and increase light 
utilization and quantum efficiency [16]. 
4. Conclusions 
The combination of CaCO3 dynamic membrane with photocatalysis is proved to be feasible for 
removal of bromophenol compounds in water. The investment and operational costs are expected to be 
lower than the conventional PMR system due to the lower costs of supporting membrane materials and 
abundant CaCO3 and also the higher photocatalytic efficiency. The CaCO3 dynamic membrane system 
with Fe-ZnIn2S4 achieved highest COD removal, debromination efficiency and completely removal of 
2,4,6-TBP during the hybrid PMR system. 
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